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To resolve the nature of the hidden order below 17.5K in the heavy fermion compound
URu2Si2, identifying which symmetries are broken below the hidden order transition is one of
the most important steps. Several recent experiments on the electronic structure have shown
that the Fermi surface in the hidden order phase is quite close to the result of band-structure
calculations within the framework of itinerant electron picture assuming the antiferromag-
netism. This provides strong evidence for the band folding along the c-axis with the ordering
vector of (0 0 1), corresponding to broken translational symmetry. In addition to this, there is
growing evidence for fourfold rotational symmetry breaking in the hidden-order phase from
measurements of the in-plane magnetic anisotropy and the effective mass anisotropy in the
electronic structure, as well as the orthorhombic lattice distortion. This broken fourfold sym-
metry gives a stringent constraint that the symmetry of the hidden order parameter should
belong to the degenerate E-type irreducible representation. We also discuss a possibility that
time reversal symmetry is also broken, which further narrows down the order parameter that
characterizes the hidden order.
Keywords: crystal symmetry; heavy-fermion metals; electronic properties; magnetic
anisotropy; phase transitions; strongly correlated electrons
1. Introduction
The heavy fermion compound URu2Si2 possesses several different phases at low
temperatures. At ambient pressure, two phase transitions at THO = 17.5K and
TSC = 1.4K have been found [1–3], the latter of which is the superconducting (SC)
transition. The nature of the former transition has been a long-standing mystery,
despite intense studies both experimentally and theoretically, and thus it is called
hidden order (HO) transition [4]. Under high pressure, the HO phase transforms
to the antiferromagnetic (AFM) phase with large staggered moment along the c
axis through the first-order phase transition, and the low-temperature SC phase
disappears inside the AFM phase.
In most cases (except for e.g. topological transitions), a phase transition accom-
panies symmetry breaking, from which the order parameter that characterizes the
ordered phase arises. Without knowing which symmetries are broken in the or-
dered phase, many theoretical proposals of the HO parameter for URu2Si2 have
been made [4–10]. Therefore the determination of broken symmetries below the
transition temperature is essential to clarify the nature of the order.
The broken symmetries in URu2Si2 are clearly identified in the AFM phase
under pressure; in addition to the time reversal symmetry, translational symmetry
is broken with the wave vector QC = (0 0 1), and thus the Brillouin zone (BZ)
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is folded from the body-centered tetragonal space group I4/mmm to the simple
tetragonal P4/mmm.
In the SC phase, the thermal conductivity [11, 12] and specific heat [13] measure-
ments have revealed peculiar differences in the magnetic field dependence between
the directions parallel and perpendicular to the c axis, providing evidence for the
presence of the point nodes along the kz direction in the superconducting energy
gap. From this, an unconventional superconducting state with the chiral d-wave
symmetry has been inferred [11, 12], which has the superconducting gap with a
form of
sin
kz
2
c
(
sin
kx + ky
2
a± i sin
kx − ky
2
a
)
. (1)
This chiral d-wave symmetry is seemingly quite unusual, but it is consistent with
the well-studied superconductivity mediated by the antiferromgantic spin fluctu-
ations [14, 15]. This chiral superconducting state breaks time reversal symmetry,
which has been a subject of recent studies including the lower critical field Hc1
[16], high-field magnetic torque [17] and Kerr effect measurements [18]. Among
these, the temperature dependence of Hc1 shows an anomalous kink at ∼ 1.2K,
which is slightly lower than TSC = 1.4K, only for the field parallel to the c axis.
Although the nature of this kink anomaly is not fully understood, a possibility of
the separation of the two transition temperatures TSC1 = 1.4K and TSC2 = 1.2K
of the two states with the bases of kz(kx + ky) and kz(kx − ky) has been proposed,
in which the time reversal broken (chiral) state with a complex order parameter
kz(kx+ky)± ikz(kx−ky) appears only below the lower temperature TSC2. If this is
correct, this immediately indicates that kx+ ky and kx− ky are inequivalent in the
normal state above TSC1, which means that the tetragonal rotational symmetry is
broken in the HO phase.
In this article, we review the current experimental situation of our understanding
of broken symmetries in the HO phase of URu2Si2. We focus on three symmetries,
(1) translational symmetry, (2) fourfold (tetragonal) rotational symmetry, and (3)
time reversal symmetry. The broken symmetries give strong constraints on the
order parameter. In particular, the rotational symmetry breaking restricts the HO
symmetry to the degenerate E-type irreducible representation [19]. Additional time
reversal symmetry breaking pins down the symmetry as E− type. Several current
theories consistent with these results are also reviewed.
2. Translational symmetry breaking
First, we discuss the translational symmetry breaking in the HO phase. The band
structure calculations in the paramagnetic phase by the density-functional theory
(DFT) within the itinerant electrons picture [20, 21] (see Fig. 1) show a good nesting
between the largest electron Fermi surface (FS) sheet (band 1) and the largest
hole FS sheet (band 2), which is characterized by the commensurate AFM wave
vector QC (see Fig. 1(b) [20]). The nested parts of the FS are dominated by the
jz = ±5/2 component (see Fig. 1(a) [21]). Thus the FS structure suggests that
URu2Si2 inherently exhibits the instability to antiferroic orderings characterized
by QC. Indeed, in the pressure-induced AFM phase, the large moment appears
along the c axis, which doubles the primitive cell volume accompanying the band
folding along kz. Correspondingly, the Γ and Z points of the original body-centered
tetragonal BZ become equivalent and transform to the Γ point in the new simple
tetragonal BZ (see Figs. 1(c) and (d)). The nested parts of FS are gapped in the
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Figure 1. Fermi surface structures in URu2Si2 calculated by the density-functional theory. (a) Paramag-
netic FS colored by weight of the jz component [21]. (b) Cross sectional view of paramagnetic FS in a
kxkz plane including Γ and Z points [20]. Thin blue line is a shifted FS of band 2 (thick blue line) by the
wave vector QC = (0 0 1). (c) Three-dimensional view of FS assuming antiferromagnetism with a gap of
40meV, which corresponds to ∼ 4meV when considering the renormalization factor of ∼ 10 [27]. The cage
structure between the α band in the middle and four hemispherical β pockets, which is one of the remnants
of the nesting between bands 1 and 2 in (b), is sensitive to the gap value and can be easily diminished
with a larger gap. Here the color corresponds to inverse of Fermi velocity 1/vF . (d) Cross sectional view of
antiferromagnetic FS [27]. Thick lines correspond to the FS in the kxkz plane including Γ and Z points.
AFM phase, leading to the strong reduction in carrier numbers.
In the HO phase, a large decrease in carrier concentrations has been indicated
from the transport measurements [11, 22], implying a gap formation in large parts
of FS. The measurements of Shubnikov de Haas (SdH) effect under pressure [23]
have revealed no significant change in the quantum oscillation frequencies between
the HO and AFM phases, which suggests that the FS structure in the HO phase
is quite similar to that in the AFM phase. Moreover, the field angle dependence of
one of the quantum oscillation frequency branches (β in Fig. 2(a)) shows a peculiar
splitting (β and β’) for the field rotation from [001] to [100] directions [24, 25],
which is consistent with the shape of four hemispherical electron β pockets present
in the FS structure in the AFM phase (see Figs. 1(c) and (d)). Cyclotron resonance
measurements [26, 27] have also revealed the characteristic angle dependence of
the effective cyclotron mass branch corresponding to the β pockets, which shows
splitting behaviors for the field rotations from [110] and [001] towards the [100]
direction (see β in Fig. 2(b)). Thus these bulk measurements under magnetic fields
probing the electronic structure consistently indicate the presence of hemispherical
pockets, which is in good agreement with the band structure calculations assuming
the QC band folding.
Recent angle resolved photoemission spectroscopy (ARPES) measurements also
provide further evidence for the translational symmetry breaking in the HO phase
[28–31]. The electronic structures near the Γ and Z points of the paramagnetic
phase become similar below the HO transition temperature, indicating the band
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Figure 2. Comparison between the field angle dependence of SdH frequency [25] (a) and cyclotron mass
determined by the cyclotron resonance [27] (b). For the band assignments of α, β and κ, see Fig. 1(c).
The three branches with solid symbols guided by the dashed line in (b) are cyclotron resonance lines with
strong intensities, which should correspond to the main bands (α, β and κ) with large FS volumes. Note
that the cyclotron mass m∗
CR
is different from the thermodynamic mass [27].
folding along kz [28–30]. The missing ARPES intensity along the Γ-M line in the
simple-tetragonal BZ (see Figs. 1(c) and (d)) provides evidence for the gapping
of the nested parts of FS in the paramagnetic phase [31, 32]. Furthermore, the
propeller-like crossing of the two orthogonal ellipsoids has been observed in the M
point, which also supports the QC band folding [31, 32].
Thus, experimentally the translational symmetry breaking appears to be firmly
established, and the HO parameter should be accompanied by theQC band folding
with gap formation in the nested parts of FS.
3. Rotational symmetry breaking
Next we discuss the rotational symmetry breaking in the HO phase of URu2Si2.
Currently, four different experiments, magnetic torque [33], cyclotron resonance [26,
27], nuclear magnetic resonance (NMR) [35] and high-resolution X-ray scattering
[36], consistently have provided evidence for the in-plane twofold anisotropy, which
breaks the tetragonal fourfold rotational symmetry.
3.1. Magnetic torque
In 2011, Okazaki et al. have reported the magnetic torque data under in-plane
field rotation in small pure single crystals of URu2Si2 [33]. They found that the
azimuthal angle φ dependence of the magnetic torque τ changes its shape at low
temperatures below the HO transition at THO = 17.5K. τ(φ) can be decomposed
as τ = τ2φ+ τ4φ+ τ6φ+ · · · , where τ2nφ = A2n sin 2n(φ−φ0) is a term with 2n-fold
symmetry with n = 1, 2, · · · . The data for raw τ(φ), twofold τ2φ, and fourfold τ4φ
components are shown in Fig. 3. Above the HO transition, the torque is dominated
by the fourfold term, and the twofold component is absent, which is consistent with
the tetragonal symmetry of the crystal structure. In contrast, the twofold term is
clearly observed below the transition, which is not expected in the system with
the tetragonal symmetry. As the torque is a quantity given by the angle derivative
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Figure 3. In-plane magnetic torque above (red circles) and below THO = 17.5K (black, purple, blue and
green circles) [33]. Upper panels show raw magnetic torque curves as a function of the azimuthal angle φ
at several temperatures. All data are measured at |µ0H| = 4T. Middle and lower panels show twofold τ2φ
and fourfold τ4φ components of the torque curves which are obtained from the Fourier analysis.
of the free energy, this observation of the twofold term provides thermodynamic
evidence for the fourfold rotational symmetry breaking.
The φ dependence of the twofold component τ2φ gives the phase φ0 = 45
◦, which
indicates that the off diagonal susceptibility component χab becomes finite below
THO. In other words, the in-plane twofold anisotropy of magnetic susceptibility
elongated along the [110] direction sets in below the transition. In such a state,
electron fluid has a unidirectional response in analogy to a nematic state [34]. This
kind of electronic nematic state is expected to have degeneracy, which leads to the
formation of domains elongated along the [110] and [1¯10] directions. In agreement
with this picture, the relative magnitude of the twofold term A2 has been found
to become smaller for samples with larger size, in which the out-of-phase signals
of τ2φ from the different nematic domains tend to cancel each other. The size
of the domains is suggested to be of the order of 10µm [33]. This micro-domain
formation would make it difficult to observe the in-plane anisotropy in macroscopic
measurements such as transport etc.
3.2. Nuclear magnetic resonance (NMR)
Another piece of evidence for the magnetic twofold anisotropy has been obtained by
the NMR measurements, which can probe microscopic information on the magnetic
susceptibility in terms of the Knight shift K. Kambe et al. measured the angular
dependence of the 29Si NMR line width L under in-plane field rotation [35]. They
used a 29Si enriched sample to obtain high-resolution data. At high temperatures
above the HO transition, they found sinusoidal angle dependence of L consistent
with the tetragonal symmetry, but in the HO state below THO they observed a
characteristic cusp along the [100] direction (see Fig. 4(b)). Such a cusp behavior
can be explained by the line broadening associated with a superposition of the
two sinusoidal curves of K(φ) having twofold symmetry (see Fig. 4(a)), which is
fully consistent with the two nematic domains along the [110] and [1¯10] directions
inferred from the magnetic torque experiments [33]. Thus this gives microscopic
evidence for the rotational symmetry breaking.
They have also made a quantitative estimate of the in-plane anisotropy of
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Figure 4. NMR line width under in-plane field rotation [35]. Here the in-plane field angle θ is defined from
[110] direction, which has a relation to the azimuthal angle φ defined in the torque experiments [33] as
θ = φ− 45◦. (a) Schematic field angle dependence of NMR Knight shift expected for a state with broken
fourfold symmetry. Blue solid and red dashed curves are the angluar dependences of Knight shift for two
domains A and B, respectively. The averaged Knight shift is expected to be angle independent, but the
corresponding line width (green dashed-dotted line) has a characteristic angle dependence with cusps. (b)
29Si NMR line width L under in-plane field rotation at several temperatures. The solid lines are the fits to
the angle dependence of line width taking into account the domain formation [35]. Each curve is shifted
vertically for clarity.
the Knight shift, which yields {χ(H ‖ [110]) − χ(H ‖ [1¯10])}/χ(H ‖ [100]) =
2χab/χaa = 4 × 10
−3, which is an order of magnitude smaller than the bulk esti-
mate from the torque measurements. A possible reason of this discrepancy is that
the NMR estimate assumes that the additional line width below the HO transi-
tion is purely paramagnetic ignoring possible internal field contributions associated
with the ordering. In fact, as pointed out in a recent theory based on the antiferro-
octupole order taking into account the broken fourfold rotational symmetry [37],
for example, the NMR line width at Si site can exhibit a significant broadening
due to the internal field associated with the multipole ordering at U site through
the hyperfine interaction. If we consider the domain formation in such a state, we
can show that such internal field contributions to the line width do not give a large
difference between H ‖ [100] and H ‖ [110] configurations, which results in a nearly
angle-independent broadening of the line width. In contrast, the bulk susceptibility
can be anisotropic even in such a multipole state as in the case of an antiferro-
magntic state, in which the susceptibility along the staggered moment direction
decreases towards zero in the zero temperature limit in contrast to the constant
susceptibility for perpendicular directions. This difference may be an important
clue to understand the nature of the HO, and deserves further studies.
3.3. Cyclotron resonance
An important information on an ordered phase can be obtained from the electronic
structure, especially from the detailed structure of the FS. As described in Section
2, the HO phase has a similar FS structure with that in the pressure-induced AFM
phase, having the QC = (0 0 1) band folding. However, the HO and AFM phases
are separated by the phase transition in the pressure phase diagram, and therefore
identifying the characteristic feature of the electronic structure in the HO phase
distinct from that in the AFM phase is even more important.
The observation of cyclotron resonance [26, 27] owing to the high-quality single
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crystals with large mean free path [38] allowed the full determination of the angle
dependence of the cyclotron masses for the main FS sheets (see Fig. 2(b)), includ-
ing the missing heavy FS in the quantum oscillation measurements which is now
assigned as κ band located around the zone corner (see Fig. 1(c)). The three main
bands, the α hole pocket around the Γ point with the largest volume, the β hemi-
spherical electron pockets, and the heaviest κ electron pockets, have characteristic
angle dependences of effective mass. These dependences are mostly correspond-
ing to their FS shapes obtained in the band-structure calculations in the AFM
phase. However, a significant difference from the AFM calculations is found in the
α branch near the [110] direction. The cyclotron mass m∗CR of α branch shows an
anomalous splitting near the [110] direction (see Fig. 2(b)) in sharp contrast to the
AFM calculations, in which nearly isotropic dependence is expected. Then it is
important to understand this difference, which may involve a key information on
the peculiar feature of the electronic structure in the HO phase.
The corresponding quantum oscillation frequency, which is a measure of the
FS cross sectional area, exhibits a completely different three-fold splitting of the α
branch with a constant separation in the entire field angle range within the ab plane
[25] (see Fig. 2(a)). This three-fold splitting in the quantum oscillation frequency
of the α branch, which disappears with a small field tilt from the ab plane, has
been suggested to be originate from the magnetic breakdown effect [27] between
the α hole pocket and the nearby small electron pockets around the Z points
with an hourglass shape (see Fig. 1(d)). It is therefore plausible that the shape of
the α hole FS is essentially isotropic within the plane. The cyclotron mass split
near the [110] direction observed in the cyclotron resonance at much lower fields,
which is a robust feature against the field tilt, should have a different origin from
the magnetic breakdown. It can be rather naturally understood by the twofold
symmetry of the in-plane mass anisotropy with taking into account the domain
formation. As discussed by Tonegawa et al. [26, 27], the broken fourfold symmetry
can lead to the imbalance of the interband scattering between the corners of the
α and β FS pockets which are connected with the incommensurate wave vector
QIC ≈ (0.4 0 0). This will make the in-plane mass anisotropic having hot spots
along the [110] direction, which can explain the observed splitting when considering
the presence of two domains. In this case, the mass enhancement at the hot spots is
due to electron correlation effects, which may not change the FS shape significantly,
consistent with the quantum oscillation results. We also note that the information
on the effective mass can also be obtained from quantum oscillations, but this
requires the fitting of the temperature dependence of the oscillation amplitude
to the Lifshitz-Kosevich formula, which may be difficult to resolve two slightly
different masses.
Thus we have now evidence for the broken fourfold rotational symmetry in the
HO phase from the electronic structure. The cyclotron resonance measurements
reveal the in-plane mass anisotropy, which breaks the tetragonal symmetry.
3.4. High-resolution X-ray scattering
The above three experiments, magnetic torque, NMR, and cyclotron resonance,
have been all done in the presence of in-plane magnetic field. As the anomalies are
found in the angle dependence under the in-plane field rotation, the broken fourfold
symmetry in these measurements are not resulting from the presence of symmetry
breaking field. However, the magnetic field can induce additional order which may
complicate the discussion regarding the nature of the HO in the ground state at
zero magnetic field. It is therefore important to obtain experimental evidence in
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the absence of magnetic field.
Quite recently, a high-resolution crystal structure analysis has been performed
at zero magnetic field by using synchrotron X-ray scattering at SPring-8. By fo-
cusing on the high-angle (880) Bragg peak, which is sensitive to the orthorhombic
distortion associated with the twofold symmetry inferred from the above experi-
ments, Tonegawa et al. have succeeded in observing a clear peak split below the
HO transition in a very clean crystal of URu2Si2 with a high residual resistiv-
ity ratio RRR ∼ 670 [36]. They tune the X-ray energy so that the attenuation
length is as long as ∼ 32µm, which is expected to be larger than the domain size.
The observed peak splitting clearly indicates the domain formation due to the or-
thorhombic distortion. The crystal structure in the HO phase is found to belong
to the Fmmm-type orthorhombic symmetry which breaks the fourfold rotational
symmetry and the ab primitive vectors are rotated 45◦ from the tetragonal phase.
This symmetry is fully consistent with the twofold in-plane anisotropy found in the
torque, NMR and cyclotron resonance experiments under in-plane field rotation.
Thus this is the first zero-field evidence of the broken tetragonal symmetry from
the scattering experiments, which strongly suggests that the electronic in-plane
anisotropy found in these measurements is not field induced, but is an intrinsic
property of the HO phase.
The observed orthorhombicity δ = (a− b)/(a+ b) is of the order of 10−5, which
is much smaller than that in the orthorhombic phase of BaFe2As2-based supercon-
ductors [39] with an isomorphic crystal structure. This smallness implies that the
HO transition is driven by the electronic ordering, which distorts the lattice owing
to the small electron-lattice coupling. Indeed, this is consistent with the fact that
the HO is likely an antiferroic order with QC band folding, which should couple
only weakly to the ferroic orthorhombicity.
We note that previous experiments focusing on (h00) Bragg peaks using much
dirtier samples with RRR ∼ 10 have not shown any orthorhombicity in the HO
phase [40, 41]. In agreement with this, the (880) Bragg peak splitting has been
observed only in the very clean crystal, which suggests that the impurity scattering
masks the coupling between the electronic nematic order and the lattice distortion
[36]. Such an unusual impurity effect of nematic order deserves further studies.
4. Time reversal symmetry breaking
The next important issue is whether time reversal symmetry is broken or not in
the HO phase. Direct evidence for or against time reversal symmetry breaking has
not been obtained to date. In the early neutron scattering experiments [42], a small
antiferromagnetic moment along the c axis has been reported, but later this has
been found to be due to some inhomogeneity in the sample and no intrinsic moment
along the c axis has been identified in the HO phase [43, 44]. It should be noted that
the experimental evidence for the rotational symmetry breaking in the ab plane
discussed in Section 3 leads to a search for the in-plane staggered moment. However,
such a moment has never been reported in the neutron scattering measurements
so far within the experimental resolution of ∼ 10−2µB .
A piece of evidence for the broken time reversal symmetry has been inferred
from the recent NMR analysis. Takagi et al. measured 29Si NMR with in-plane
magnetic fields and found that additional broadening of the spectrum ∆Hadd sets
in just below THO [45] (see Fig. 5(a)). The additional broadening ∆Hadd has unusual
temperature dependence with a jump at THO and decreases just below THO. Such a
broadening is consistent with the hyperfine internal field at Si site generated from
the U-site multipole ordering with time reversal symmetry breaking [37]. We note
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Figure 5. 29Si NMR line width broadening with in-plane magnetic fields [45]. (a) Temperature dependence
of the additional broadening ∆Hadd for H ‖ [100] (blue) and for H ‖ [110] (red). A constant width observed
above the HO transition has been subtracted. The vertical dotted line marks the HO transition temperature
THO. (b) Field dependence of ∆Hadd below and above THO = 17.5K. The dashed lines are the fits to the
linear H dependence.
that similar temperature dependence is found in the orthorhombicity δ(T ) in the
synchrotron X-ray measurements introduced in Section 3.4 [36], suggesting a close
correspondence between the hyperfine field and the orthorhombic distortion.
The field dependence of ∆Hadd shows a roughly linear-in-H dependence (see
Fig. 5(b)), and most importantly, it intersects the H = 0 axis at a finite value of
∼ 0.6Oe. This finite ∆Hadd(H → 0) has been interpreted in terms of the broken
time reversal symmetry in the HO phase. The obtained value of the additional
broadening would correspond to the actual in-plane antiferromagnetic moment
much smaller than the neutron resolution.
It is very important to establish the time reversal symmetry is really broken in
the HO state by accumulating further experimental evidence by using several other
measurement techniques, such as muon spin rotation [46] and Kerr rotation [18].
5. Constraints on the symmetry of the hidden order parameter
Broken symmetries give stringent constraints on the symmetry of the order param-
eter. The broken translational symmetry indicates that the order is an antiferroic
type with the wave vector given by QC = (0 0 1) = (1 0 0). This rules out the
possible HO parameters associated with the incommensurate wave vector QIC, al-
though it has been suggested by the inelastic neutron measurements that the spin
excitation gap at QIC is related to the large specific heat jump at THO [47].
The fourfold rotational symmetry breaking acts as a further strong constraint on
the order parameter. Thalmeier and Takimoto [19] have shown from the Landau
free energy analysis of the multipole ordering that among the allowed irreducible
representations (four non-degenerate A1, A2, B1, B4 and one degenerate E symme-
tries), the observed twofold signals in the magnetic torque [33] are consistent only
with the E type. When considering the parity (+ or −) with respect to time rever-
sal, this E type can be divided into E+ and E− symmetries [21, 48]. Within the
multipole orders belonging to the E type, even rank quadrupole (rank-2) [19] and
hexadecapole (rank-4) E+ orders with preserved time reversal symmetry, and odd
rank octupole (rank-3) [37] and dotoriakontapole (rank-5) E− [21, 49] orders with
broken time reversal symmetry are the candidates of the HO parameter consistent
with the rotational symmetry breaking. Recent first-principle multipole calcula-
tions taking into account for the vertex corrections by Ikeda et al. find that among
the all allowed symmetries, the rank-5 E− order exhibits the largest susceptibility
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at the QC wave vector, indicating that this dotoriacontapole is the first candidate
of the HO parameter. It has been also shown theoretically [49] that this state in-
deed has a finite χab component, consistent with the nematic response found in the
torque experiments.
More exotic states than such multipole approaches, which break the rotational
symmetry, have also proposed theoretically. An example for time reversal preserv-
ing state is the spin nematic order [50, 51]. A difference from the multipole E+
orders is that this spin nematic order has a momentum dependent order parameter
[50], which may have nodes for certain directions in analogy to e.g. d-wave super-
conductivity. Another example for broken time reversal symmetry is the so-called
hastatic order proposed recently by Chandra, Flint and Coleman [52]. This state
is also anisotropic and the V shaped density of states has been suggested.
6. Summary
We have reviewed the current status of our understanding of broken symmetries in
the mysterious HO phase of the heavy fermion compound URu2Si2. Experimental
evidence for translational symmetry breaking is firmly established. Thus the HO
parameter should be antiferroic and have the commensurate wave vectorQC. There
is growing evidence for the rotational symmetry breaking, and magnetic suscepti-
bility anisotropy is elongated along the [110] direction, which has been consistently
found in the magnetic torque and NMR measurements. The cyclotron resonance
experiments have provided the electronic structure evidence that the FS breaks
the fourfold rotational symmetry. Recent high-resolution synchrotron X-ray scat-
tering experiments in very clean sample have revealed a small lattice change from
tetragonal to orthorhombic structure, giving direct evidence from crystal structure
for fourfold rotational symmetry breaking at zero magnetic field. These results re-
strict the symmetry of the HO parameter to belonging to the E-type irreducible
representation.
To pin down the genuine order parameter, the next important step is to estab-
lish the parity with respect to time reversal, which has been suggested to be odd
from an NMR analysis. Further experimental studies are necessary to clarify this
point. Another point which is helpful is whether the order parameter has momen-
tum dependence or not. This requires momentum resolved spectroscopic techniques
which are sensitive to low energy excitations, such as high-resolution ARPES and
quasiparticle interference by using scanning tunneling microscopes.
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